The last few years has seen the introduction of many drugs of very high potency so that the doses required to produce a pharmacologically significant effect are very small. In consequence the drug levels in the body fluids and tissues are correspondingly low and for many of the very active compounds may be in the nanogram or picogram per millilitre range. Even in cases of overdosage the toxicity may be so high that only sub-microgram concentrations are required to produce symptoms of serious intoxication.
In most cases of poisoning with the more common drugs, the toxicologist is able to recover and work with amounts of material varying between a microgram and a milligram and this order of quantity is obtained from the amounts of blood or urine which can readily be collected from the living patient. When he is faced with a case of poisoning where one of the very potent drugs is involved the analyst must frequently work with quantities which would represent sub-therapeutic levels of substances such as the barbiturates. He therefore requires a method which is extremely sensitive and with a high degree of specificity. For many drugs of this type, fluorescence spectroscopy-or spectrofluorimetry, as it is often called-offers both of these.
This method of instrumental analysis is a comparatively recent innovation and the first practical instrument was described by Bowman, Caulfield, and Udenfriend in 1955 . During the last 15 years the technique has been applied to the solution of many problems where specific methods of determination of sub-microgram amounts of many organic compounds has been required.
Instruments
The original instrument constructed by Bowman et al. consisted of a discharge lamp source, two prism monochromators, a sample holder, and a photomultiplier detector. Light from the lamp was focused on the entrance slit of one monochromator and the emerging monochromatic light fell on the cuvette containing the sample. The second monochromator entrance slit viewed the face of the cuvette at right angles to the exciting light beam. The detector was mounted opposite the exit slit of this second monochromator.
By scanning through the spectrum between about 220 and 600 nm with the first monochromator it was possible to determine the wavelength of excitation which produced maximum fluorescence. Then, by leaving the wavelength of the exciting light fixed at this point the second monochromator could be adjusted to indicate the wavelength at which the fluorescent light was maximal. By mechanically driving the scanning mechanism of the monochromators and recording the detector response continuously during the scan the method could be refined to produce a plot showing the Excitation and Fluorescence maxima and was useful in demonstrating the multiple excitation peaks which are a feature of a number of compounds. Modern instruments are basically of similar construction to Bowman's original instrument and an example of the layout of a current production fluorescence spectrophotometer is shown in Figure 1 . The phenomenon of fluorescence is due to the absorption of light by a fluorescent molecule which is excited to a higher energy state. The molecule then returns to the ground state by emitting this excess of energy as light. The wavelengths at which light is absorbed are the same for both conventional absorption spectroscopy and fluorescence spectroscopy and therefore the absorption spectrum should be identical 83 with the excitation spectrum. In practice this is not so. The two types of spectra are similar but not usually identical. This is because the detector, in fluorescence spectrophotometry, is looking at light of a different wavelength to that which is being absorbed and the differences in detector response at various wavelengths leads to distortion of the spectrum. A few, rather complex, instruments have been produced which automatically compensate for changes in the spectral intensity of the source and varying spectral response of the detector, to produce spectra in the emission mode, which are identical with the absorption spectrum of the substance under examination. Although these are theoretically of greater value in producing absolute data than the conventional fluorescence spectrophotometers they are little used for routine analytical purposes. Their great complexity results in a high cost and since the bulk of the already considerable analytical data which has been collected is the result of studies with the common type of instrument, they are of more interest to the theoretical spectroscopist.
The fully corrected instruments give measurements in terms of absolute quantum yield of fluorescence and these may be considered similar to absorbance measurements in conventional absorption spectrophotometry. The more usual analytical instrument cannot be used for this kind of work and the intensity of fluorescence must be compared directly with a suitable reference standard. Usually this will be a standardised solution of the substance under examination, but if results from different instruments and obtained at different times are concerned, it is necessary to standardise instrumental performance by the use of an arbitrary reference compound.
Probably the most widely used substance, for this purpose, is quinine and most manufacturers quote maximum sensitivity in terms of the minimum detectable concentration of quinine sulphate. Quinine is useful since it has a high quantum yield (0.55) and so over half the energy absorbed is re-emitted as fluorescence.
Although quinine is so widely used it has no particular advantages, apart from a fairly high stability, for fluorescence spectrophotometers and its popularity is partly due to its value in calibrating simple filter f1uorimeters where the 365 nm line from a mercury lamp is used for excitation. With the wider range of a fluorescence spectrophotometer, calibration can be done at wavelengths where quinine shows no fluorescence. Probably the most satisfactory method of instrument standardisation requires no fluorescent material at all and uses the Raman effect shown by water and other solvents. Water is most suitable as it has a low volatility and can be obtained easily in a high state of purity.
Scattering of light
When a solution is irradiated with light, in addition to any fluorescence which is produced by fluorescent compounds, light is emitted from the solution due to scattering. If this is due to the presence of particulate matter it is known as the Tyndall effect. Changes in the vibrational energy of molecules of the solvent are also produced and the light which is produced from this is known as Rayleigh scatter. In both Tyndall and Rayleigh scatter, the light which is emitted is at the same frequency as the exciting light and can thus be easily distinguished. Similar to the Rayleigh effect is the production of Raman scattering and, although this is small compared with Rayleigh scattering, it is detectable at high instrument sensitivities. The Raman peak occurs, like fluorescence, at a longer wavelength than that of excitation. For water the frequency shift is 0.338 em I and with excitation at 320 nm the Raman peak is seen at 360 nm. At high sensitivities the Raman peak can be recognised as a weak band immediately following the Rayleigh peak. By stating slit widths and wavelength settings, together with the intensity of the Raman peak, it is possible to compare results from different instruments by calculation to the same Raman intensity.
When scans are done on a chart recorder the use of the Raman peak is an advantage for setting up purposes since it will appear on the excitation scan and so provide a contemporary record of instrumental conditions. The instrument manufacturer usually specifies a satisfactory setting up procedure for use at the start of each day's work. Generally it is only necessary to adjust the position of the lamp to obtain the best signal from the Raman peak or the reference fluorescent compound. This is necessary because the source in most instruments is a Xenon arc and slight changes in the position of the arc at the electrodes can markedly affect sensitivity.
Sensitivity
The sensitivity of fluorirnctric analysis, when compared with absorption spectroscopy, depends to a large extent on the quantum yield of the material which is being examined. It might be expected that all compounds which strongly absorb light would fluoresce but many substances with very strong absorbance bands cannot be shown to have any fluorescence. In many instances this is due to the action of other mechanisms which modify the return of the molecule to the ground state and any fluorescence which is produced is 'quenched'. In such cases, absorption spectrophotometry is the method of choice.
Where fluorescence is produced, measurement of fluorescence will often produce increases in sensitivity of the order of 10 to 1,000 times. Moreover, two spectra are produced corresponding to the wavelengths of excitation and fluorescence and so an additional parameter is available as an aid to identification.
Sample compartments and cuvettes
The sample compartment in most instruments is designed to hold a tube or a cuvette so that the exciting beam and the entrance slit of the second monochromator are at right angles and also to position the sample holder to prevent interference by light scattered by the surface of the tube or cuvette. Most will accept cuvettes of different sizes, tubes and flow cells. The I em path cuvette with all four faces polished and made in either glass or quartz is the most popular sample container. There is, in fact, no particular advantage in using this size of cuvette since the intensity of fluorescence is not fundamentally a function of concentration but is dependent upon the amount of material in the beam of exciting light. Some instruments exploit this to the full by irradiating a large surface area of the cuvette and also collect light from an equal surface area at 90°. Although this mode of construction gives a higher sensitivity with a large cell there is a rapid fall in sensitivity as the size of the cell decreases. For many applications at the sub-microgram level it is desirable to work with relatively high concentrations in small, often capillary, cells. In this way it is possible to obtain higher sensitivities by reducing the background scatter from the cell walls and thus obtain a higher fluorescence signal ratio.
Most instruments will accept flow cells but since they are of very limited use for toxicological analysis they will not be considered. For excitation below 340 nm, quartz or ultra-violet transmitting glass cells are required but as the output of a xenon lamp falls off below 300 nrn it is preferable to stick to good quality quartz cells. These are expensive and the variety should be kept to the minimum. Standard I cm square cuvettes holding about 4 ml of solution will serve for larger quantities and small cylindrical cells holding between 0.2 and I rnl will allow small volumes of solution to be handled. For many purposes quartz cells are not necessary. Glass will transmit down to about 320 nm; above 350 nm ordinary soda glass tubes will give excellent results if they are examined carefully for freedom from scratches. At excitation wavelengths of above 340-350 nm the fluorescence will almost always be in the visible region and providing the cell material will transmit 85 sufficient exciting light the transmission of fluorescent light will cause no difficulty.
Solvents
The environment in which the phenomenon of fluorescence takes place is often very critical. Solvents which appreciably absorb the exciting light are obviously unsuitable but, in addition, the nature of the solvent, the pH of the solution and the presence of other ions are all of great importance. A simple example of the quenching effect of some ions is shown by quinine, in 0.1 N sulphuric acid the maximum fluorescence is produced while in 0.1 N hydrochloric acid fluorescence is almost undetectable.
The composition of any buffers which are used is therefore important and a change to a different buffer solution, even if the pH and molarity are identical, should be adopted only after investigation of the effect on fluorescence. All the solvents and other reagents should be checked for fluorescence and identical procedures should be adopted for blanks and tests.
Tire sample
As in other toxicological analyses, samples will fall into two broad categories. One where the identity is known or strongly suspected and fluorescence analysis is required only for confirmation or quantitation: the second group is the general unknown. For this second group the extracts which have been prepared by back-extraction of solvent extracts of the sample material can be used but the problems are formidable. As can be seen by the example of quinine, the wrong choice of acid could give entirely misleading results. It is sometimes possible to change the pH from acid to neutral and finally to alkaline conditions and scan each but this is a procedure full of pitfalls and indeed there is little place for fluorescence spectroscopy in the examination of an extract of unknown composition.
The method has its greatest utility in the first type of examination and will frequently detect amounts of material which are only within the limits of detection of a technique of similar sensitivity---electron capture gas chromatography, for example-and will give sufficient information, without loss of sample, to arrive at a confirmation of identity.
One particularly useful technique is by a combination of gas chromatography and fluorescence spectroscopy. By splitting the stream of gas as it leaves the gas chromatography column it is possible to allow a fraction to go to the detector while the other part is led outside the instrument through a heated line and collected. If only an electron capture detector is to be used then the whole of the effluent can be collected after it has passed through the detector. By the use of a stream splitting technique the sample collected is chosen to coincide with a peak on the gas chromatogram. Apart from giving further proof of identity, this avoids many of the difficulties which can be found in the analysis of mixtures.
Where this technique is not available or where the substance cannot be satisfactorily gas chromatographed, other methods of purification must sometimes be employed. However, it should be stressed that unless an extract is known to contain a mixture of fluorescent substances which might interfere with one another, the extract should be examined directly before arbitrarily using some clean-up procedure. It will frequently be found that the extract can be analysed directly and thus any losses or contamination which might result from an attempt to purify the extract can be avoided. If direct examination is not successful other methods must be used.
Thin-layer chromatography can be used for some materials but others are so strongly adsorbed by the coating that they are very difficult to recover. Cellulose plates are better than silica gel in this respect and can be run in a mixture of butanol :acetic acid:water (60; 15; 25), this will give reasonable separation of the majority of drugs and does not interfere with the analysis. The sample should be applied as a streak with markers at each outside edge. After running, the area corresponding to the position of the markers can be removed, packed into a small (8 em x 6 mm) glass column and eluted with methanol and then with chloroform. The eluate should be evaporated to dryness to remove all solvent before dissolving in a suitable solvent for the analysis. Usually, it is necessary to centrifuge the eluate hard to remove all particulate material before proceeding. By using markers to define the position of the band which is required it is possible to locate the material when the amount is too low for conventional methods of location on the plate.
Other means of purification which may be necessary are ion exchange or gel filtration but it is seldom necessary to resort to these or even TLC, many samples can be cleaned up satisfactorily by simple solvent partition. Once identification has been made the sensitivity of the method will permit a further small aliquot of sample to be examined using a selective solvent extraction in the majority of cases.
Those drugs which have a strong native fluorescence can be easily determined but the absence of natural fluorescence does not necessarily preclude the use of fluorimetry for assay. Many compounds can form fluorescent derivatives or undergo mole-cular re-arrangement to yield a fluorophore and even drugs which fluoresce can be detected at lower concentrations if converted.
Cleanliness and adsorptive effects
Because of the very high sensitivities, it is essential that all glassware should be scrupulously clean and preferably free from scratches. Glassware should be washed by standing in a detergent solution for some hours, washed with dilute acid and finally rinsed with deionised water.
At the very low concentrations used in this method of analysis many drugs, particularly when dissolved in non-polar solvents, are strongly adsorbed on to glass surfaces. For this reason it is a common practice, and one which is often essential, to add a small amount of a polar solvent such as alcohol to solutions. Even so, the solutions should not be allowed to stand in contact with glass for longer than necessary. Transfer of solutions should preferably be done by pipette. Pouring the solution out of a stoppered tube so that it passes over the surface of the ground glass of the joint can lead to almost total loss of material. It is for this reason that glassware should be cleaned efficiently after use.
This adsorptive effect on glass leads to losses from standard solutions and these should be kept as stock solutions containing at least I mg/rnl and diluted immediately prior to use.
METHODS

I. Narcotics
Morphine and codeine
Morphine and codeine both have a weak natural fluorescence which limits the determination to amounts greater than about 0.5 fLg/ml. If larger amounts are to be determined this method is quite practical. The substance or solvent extract residue is dissolved or back-extracted into 0.1 N sulphuric acid. Both codeine and morphine show excitation maxima at 245 and 285 nm with the fluorescence maximum at 350 nm, If the solution is now made just alkaline with sodium hydroxide the fluorescence due to codeine will persist. That due to morphine disappears.
The sensitivity of this method is too low and the fluorescence characteristics are not suitable for the examination of extracts of biological material. It is useful, however, for the examination of washings from syringes or fragments of tablet material.
Heating with sulphuric acid produces a strongly fluorescent derivative. The fluorescence appears when the solution is made alkaline and although a number of related compounds are formed from morphine the most strongly fluorescent substance is extractable with butanol.
The sensitivity of the method is below 0.05 p.g/ml. The extract is evaporated to dryness and the final stages conducted in a vacuum desiccator to ensure that all moisture is removed. 0.5 ml of concentrated sulphuric acid is added. The tube is heated at 50°C for 8 min. 5 ml of water and 6 ml of concentrated ammonium hydroxide are added and the tube replaced in the 50°C bath for 2 h. After cooling 10 ml of butan-2-ol is added and the mixture shaken well and centrifuged. An aliquot of the solvent is removed for fluorimetry. Blanks and standards should be carried through the entire procedure.
Fluorescence is at 420 nm when excited at 365 nm. Codeine and ethylmorphine also give fluorescent products with sulphuric acid with maxima at about 480 and 520 nm respectively. It seems probable that any of the related narcotics with the basic phenanthrene structure will also react under similar conditions. Heroin (diacetylmorphine) and N-allylmorphine also give fluorescent compounds. This method is therefore only suitable if the drug has been identified by other means and this limitation is important when N-allylmorphine, for example, may have been administered as an antidote in a case of suspected narcotic poisoning.
Morphine-specific method
Morphine can be determined (Kupferberg, Burkhalter, and Way, 1963) in the presence of related compounds such as codeine, diacetylmorphine, pethidine (meperidine), methadone and other synthetic analgesics by conversion to the highly fluorescent pseudomorphine. Plasma levels of down to 3 ng/rnl can be determined. The recommended method follows and requires the following reagents:-A buffer is prepared by adjusting 0.1 mol/l sodium pyrophosphate to pH 8.5 with sodium hydroxide.
Potassium ferricyanide 57.7 mg and potassium ferrocyanide 4.9 mg are dissolved in water and diluted to 100 ml (ferro-ferricyanide reagent).
This stock solution is diluted 1 in 10 with water for use.
To 1-3 ml of plasma in a glass stoppered 10 ml test tube add about 0.5 gm sodium bicarbonate. Extract the mixture with 8 ml of chloroform and 1 ml of butan-l-ol by shaking vigorously. Centrifuge and transfer 8 ml of the solvent layer to a similar tube. Add 1.2 ml 0.01 N hydrochloric acid and extract by vigorous shaking. Centrifuge if necessary 87 and remove 1 ml of the acid layer to a tube and add 1 ml of pH 8.5 pyrophosphate buffer (0.1 M) and 0.1 ml of the ferro-ferricyanide reagent. Allow to stand for 10 min. and examine the excitation spectrum with the fluorescence wavelength set at 440 nm. Morphine gives a product showing three excitation peaks at 250, 280 and 320 nm. For quantitation excitation should be at 250 nrn and fluorescence at 440 nm. Set up concurrent blanks and standards and take these through the complete extraction procedure. Further confirmation of identity can be obtained by making the solution acid. The intensity of fluorescence will show a marked decrease and the excitation spectrum will show only one peak at about 240 nm.
Tranquillising drugs Librium (Chlordiazepoxide)
Chlordiazepoxide and its principal metabolite can be determined (Koechlin and D'Arconte, 1963; de Silva and D'Arconte, 1969) by conversion of the intact drug to the lactam by mild acid hydrolysis. The lactam is then exposed to strong ultra-violet light and under these conditions the lactam undergoes molecular re-arrangement to form a highly fluorescent 4,5-epoxide.
Another metabolite has been described by Schwartz and Postma (1966) and this is the N-desmethyl derivative of chlordiazepoxide. If this must also be determined it is separated by solvent extraction from the drug and the lactam, and is converted to the lactam by hydrolysis. The relative amounts of the parent drug and the two metabolites can then be determined by difference. In cases of Librium overdosage the amount of free drug is usualIy sufficient for ordinary ultra-violet spectrophotometric analysis and it is usualIy unnecessary to use fluorescence spectrophotometry. If the blood levels are too low for absorption spectrophotometry then it is improbable that the overdose will have been sufficiently large to give cause for alarm. If the level of chlordiazepoxide in blood is required it is usualIy enough to determine the total concentration of the free drug and the major lactam metabolite. Using spectrofluorimetry the sensitivity limit is about 0.5 p.g/ml and in practical terms, blood levels can be determined after doses of more than about 30 mg.
The recommended method requires the following reagents:-0.5 M phosphate buffer pH 7.4; 0.1 mol/l NaOH. Glycine buffer: pH 4.8, dissolve 7.505 g of glycine and 5.85 g of sodium chloride in 800 ml of water. Adjust to pH 4.8 with HCl and dilute to 1 litre.
To 3 ml of phosphate buffer (pH 7.4, 0.5 mol/l) is added 1 ml of plasma, and this mixture is extracted with 5 rnl of ether by mechanical shaking for 10 min. Centrifuge the mixture to ensure complete separation. Remove 4 ml of the ether layer taking care to avoid any disturbance of the lower aqueous layer and evaporate the solvent to dryness. Add 4 ml of pH 4.8 glycine buffer and place the tube in a boiling water bath for 4 h.
Cool and extract the lactam into 5 ml of ether. Take 4 ml of the ether and extract the lactam into 4 ml of 0.1 mol/I sodium hydroxide. Remove the alkali extract and expose to bright sunlight or to a high pressure mercury vapour lamp for 1 h.
The extract is then examined. The excitation maximum is at 380 nm and the fluorescence at 480 nm.
Blanks and standards are taken through the entire procedure.
This method determines both Librium and the lactam. If these are to be separated the lactam is extracted from the first ether solution with 0.1 N sodium hydroxide before this is evaporated to dryness prior to hydrolysis.
The method given for Librium and its principal metabolite is rather tedious and if the demethyl metabolite is also determined this must be extracted from the ether with 3.5 mol/l sulphuric acid (followed by a water wash) and converted to the lactam by mild acid hydrolysis. A later modification of the original method is described by de Silva and D'Arconte (1969) , using a diethanolamine :phosphate buffer at pH 6.7 for hydrolysis which can then be done in 2 h. Even so an assay cannot be done in less than about 3t h and it is doubtful if this is a sufficiently practical proposition for clinical purposes.
Imipramine ('Tofrani!')
Imipramine, 5-(2-dimethylaminopropyl)-10,ll-dihydro-5H-dibenzazepine hydrochloride is a tricyclic antidepressant and is a derivative of iminodibenzyI. It has a strong native fluorescence and this is also found in the two major metabolites, desmethyl and didesmethyl imipramine. Desmethylimipramine is also used as an antidepressant (Desipramine) and it is seldom necessary to distinguish between this and Imipramine for clinical purposes. Because of the strong natural fluorescence the method is simple and sensitive. The practical limit of sensitivity is about 100 ng/ml (Dingell, Sulser, and Gillette, 1964) .
The recommended method for Imipramine and Desmethylimipramine is as follows. 1-5 ml of blood is made alkaline with dilute potassium hydroxide and extracted with 20 ml of heptane containing 1.5 % isoamyl alcohol. The extraction should be done by gentle shaking to avoid the formation of intractable emulsions. The mixture is centrifuged and the aqueous phase discarded. The drug is then back extracted from the heptane with 5 ml 0.1 N hydrochloric acid. To 3 ml of the acid layer add 0.1 mlof 10 N sodium hydroxide. Transfer the solution to a silica cuvette and measure using an excitation wavelength of 295 nm and a fluorescence wavelength of 415 nm (Moody et al., 1967) .
If Desmethylimipramine is to be determined separately the heptane extract is first extracted with 5 ml of 0.1 mol/I sodium hydroxide. 15 ml of the heptane layer is then transferred to another tube and extracted with 5 ml of pH 5.9 0.2 M phosphate buffer. Eighty per cent of the demethylated derivative is extracted into the buffer solution. The remaining organic phase is washed once with a second 5 ml of buffer and this is discarded (unless high levels are expected, when it can be added to the first buffer extract) the heptane is finally extracted with 5 ml of 0.1 N hydrochloric acid to remove Imipramine. 3 ml aliquots of the buffer and hydrochloric acid extracts are then treated with ION sodium hydroxide to develop the fluorescence.
As with all fluorimetric methods concurrent blank and standard solutions are treated simultaneously.
Rapid method. Blood can be deproteinised with zinc sulphate-barium hydroxide and the protein free filtrate (which should be neutral) removed. This is divided into two. The neutral aliquot is used as a blank and the second aliquot is made alkaline with 10 N sodium hydroxide to about 1.0 N. The alkaline solution is read against the neutral blank at 440 nm with excitation at 280 nm. The blank will show some fluorescence at these wavelengths due to tryptophan and this method is only suitable for 'overdose' levels of Imipramine. If more accurate results are required it is necessary to scan the neutral solution against a reagent blank and also to scan the alkaline solution. The interference by tryptophan can then be corrected by calculation from the fluorescence intensity of the neutral solution. (See Yates, Tedrick. and Tait, 1963.) 
Phenothiazines
This group of drugs is widely used as tranquillisers and as antihistaminics, some are also used for the relief of nausea in pregnancy and for motion sickness.
The majority of the parent phenothiazines have only a slight native fluorescence and the intensity is too low for practical purposes. The sulphoxides of these compounds, however, are strongly fluorescent and since many are rapidly metabolically converted to the sulphoxide the use of these fluorescent deriva- Determination of the sulphoxide metabolite of the phenothiazines in blood or urine can be made by scanning the 50% acetic acid extract before oxidation. For urine, this is often adequate but blood Oxidation products of Wavelength maxima (nm) drug ,00
E~cjlllti[)n 220 material are not so formidable since the drug concentrations are so much higher and ether can be used as the extractant. This will allow the method to be fitted into a general toxicological procedure without changing the usual extraction conditions. If necessary, the ether extract can be dissolved in dilute acid, filtered if necessary and, after making strongly alkaline, extracted with heptane. The back extraction and derivative formation are then carried out as described above. For measurement, the excitation wavelength will be between 340 and 360 nm and fluorescence 375 and 475 nrn depending on the drug (see Fig. 2 ). The excitation and fluorescence maxima of a number of common phenothiazines are given below.
rives is advantageous. The drugs can be chemically converted by mild oxidation and a number of oxidising agents have been used. The most satisfactory means of oxidation appears to be the use of hydrogen peroxide in weak acid conditions. Choice of a suitable solvent for extraction of the drugs is important and, in common with most extracts for fluorescence measurements, it is an advantage to use the least polar solvent which can be relied upon to extract efficiently. Too polar a solvent leads to the extraction of much interfering material with the risk of fluorescence quenching and heptane is a much more satisfactory solvent than ether or more polar solvents in this respect.
The recommended method follows Ragland et al. (1964 Ragland et al. ( , 1965 and Tornpsett (1968) .1-5 ml of blood, serum or plasma is mixed with 1.5 ml of 3 N sodium hydroxide in a 10 011 glass stoppered tube. 6 011 of n-heptane containing 1.7 % iso-amyl alcohol is added and the tube shaken vigorously for 10 min.
The tube is centrifuged and 5 011 of the solvent is removed to a fresh 10 ml stoppered tube. The total drug (i.e. parent drug plus pre-formed sulphoxide) can then be determined by back extracting into 4 011 of 50 /~acetic acid by vigorous shaking followed by centrifuging. 3 011 of the aqueous extract is transferred to a tube and 0.3 ml of 30 % (100 volumes) hydrogen peroxide is added. The tube is heated in a boiling water bath for 10 min. and cooled immediately. A blank and suitable standards are treated concurrently. The strength of the standard solutions will vary depending on the phenothiazine derivative but for chlorpromazine, promazine, promethazine, prochlorperazine and perphenazine, standards in the range 1.0-5.0 fkg/ml should be suitable. For those drugs giving much more highly fluorescent oxidation products such as thioridazine, trifluomeprazine and fluphenazine, the strength of the standards can be reduced by a factor of up to 20. This method will measure concentrations of thioridazine of about 50 ng/rnl and 1 fkg/ml of chlorpromazine.
Tn cases of overdosage, particularly where this is producing serious clinical symptoms the blood levels will be sufficiently high to permit ultra-violet spectrophotometry to be used for substances such as chlorpromazine and blood levels of above 0.1 mg/1oo rnl will be found. For the much more potent phenothiazines, such as perphenazine, conventional ultraviolet spectrophotometry will not give sufficient sensitivity and fluorescence spectrophotometry is necessary.
The simplicity of the method is such that it can be used routinely for phenothiazines and will determine concentrations within the therapeutic range. In overdosage, the problems presented by co-extracted samples are difficult to handle in this way since the amount of metabolite, particularly in overdoses, may be small in comparison with the amount of unchanged drug. Even with the much greater fluorescence intensity of the metabolite the amount of fluorescence of the parent drug may interfere and the differences in excitation and fluorescence maxima between the unchanged and oxidised compound can lead to distorted curves. A better method is by selective solvent extraction. The heptane extract of the blood or urine is first extracted with 2 ml of 1 M pH 5.0 acetate buffer. This is removed as completely as possible and transferred to a clean tube. This extract will contain the bulk of the sulphoxide metabolite. 2 ml of glacial acetic acid is added and after mixing 3 ml is removed for the oxidation step. The free, unchanged phenothiazine remains in the original heptane extract and it can then be extracted with 50 %acetic acid as before. The two final extracts are then oxidised and examined.
When high levels of drug are encountered there may be difficulty caused by 'quenching' of the fluorescence. This is not likely to be significant when blood is examined, for this effect is not apparent when levels are below 20 iLg/ml. Urine samples or extracts of tablets, solutions from ampoules, etc., may result in higher concentrations being present in the final extracts and these should be diluted, if necessary, to bring the final concentration below 20 iLg/ml. . On the other hand, very low concentrations may be affected by interference from the Raman scatter of the solvent. This is often troublesome when the excitation and fluorescence wavelengths are close together. In the analysis of phenothiazines, those excited at 340-350 nm and fluorescing at 375-380 nm are likely to be subject to this type of interference. Difficulty will only be experienced when the concentration is so low that high instrument sensitivities are required and this will vary from instrument to instrument. It is desirable to note the point at which Raman scatter contributes to the signal by scanning the blank solvent at the same sensitivity setting. However, unless therapeutic dose blood levels are required, this is not a very serious practical problem.
If high sensitivities are used when the excitation and fluorescence maxima are close together a marked improvement in performance can be obtained by inserting a polarising filter in the excitation beam.
The best position of rotation should be found by experiment and usually is at right angles to the slit. A number of authors have suggested the use of two polarisers, one in the excitation beam and the other in the emitted light beam but unless studies in fluorescence polarisation are undertaken this is not necessary and a single filter will give much better results.
Hallucinogens
Lysergic acid diethylamide (LSD)
This compound has a very strong native fluorescence with fluorescence at 435 nm when excited at 335 nm and this is intense enough to permit its determination, in favourable circumstances, in biological material.
The very small dose which is required to produce a characteristic response in man results in very low plasma levels and after a 100-1 50 iLgm oral dose the concentration in the plasma is about 5 ng/ml after 1 h. In the absence of any interfering material it is possible to measure 1 ng/rnl by using 5 ml of plasma but the hallucinogenic dose in an individual may be less than 100 iLg with correspondingly lower plasma levels. Some improvement is possible by using larger volumes of plasma but the increase in sensitivity is limited by the co-extraction of interfering material.
Fluorescence spectrophotometry is very useful for the examination of solutions, sugar cubes or pieces of blotting paper or other similar carriers for LSD. It provides a simple and sensitive method of detection of this substance where only microgram amounts of material may be available.
Method for blood. 5 m! of plasma is added to 0.5 ml 1 N sodium hydroxide and sufficient sodium chloride to saturate the mixture. 25 ml of n-heptane containing 2 % amyl alcohol is added and the mixture is mechanically shaken for 15 min. The tube is centrifuged and 20 ml of the solvent removed to a second tube containing 3 ml of 0.004 N hydrochloric acid. The tube is shaken for 10 min. and centrifuged. The heptane layer is removed by aspiration and an aliquot of the acid layer taken for fluorimetry.
Method for Urine. This can be extracted in the same manner as blood plasma but less interference is found if the urine is adjusted to pH 7.0 and extracted with either heptane or benzene. The free LSD is extracted in this way and back-extracted into 0.004 N hydrochloric acid prior to reading. The remaining urine can then be extracted with ethyl acetate to recover any of the 13-hydroxy metabolite. The ethyl acetate is extracted with 0.2 N acetic acid and the acid extract is examined. Fluorescence is at 420 nm with excitation at 320 nm, for the 13-0H metabolite and at 435 nm with excitation at 335 nm for LSD.
Tryptamine derivatives. The N-diethyI, N-dimethyl and 5-hydroxy-N-dimethyltryptamine (Bufotenin) are capable of producing psychotropic effects in man and all have been used as hallucinogens. All are fluorescent but, due to their structural similarity to a number of biogenic amines which occur naturally in the body, special methods are required for their extraction and quantitation. (See Quay, 1963 , Williams, 1964 
Anticoagulants
The coumarin derivatives which have anticoagulant properties are sufficiently fluorescent to be determined in blood. Although coumarin itself is not fluorescent the 4-hydroxy substituted coumarins including Bis-hydroxycoumarin (Dicoumarol) and Warfarin both show native fluorescence in alcohol solution.
Warfarin
Warfarin is notoriously difficult to extract quantitatively from organic mixtures. Even when used as a rat poison mixed with grain it can present serious analytical difficulties if reasonable recoveries are to be obtained and low results are found if the material is mixed with dilute acid and extracted with ether. A more efficient extraction can be obtained using alcohol but while this is satisfactory for biological materials it is not always applicable to commercial rodenticides or tablet preparations since the dyes present in some tablets and all the Warfarin rodenticides may interfere and in this event the material must be extracted with ether and the Warfarin recovered by back-extraction with dilute sodium hydroxide. This is then acidified and extracted with ether. After drying with a little anhydrous sodium sulphate the ether is evaporated and the residue taken up in methanol for examination. The recovery will be poor and it is better to attempt the same type of alcohol extraction as that used for blood and only if this is unsatisfactory need the more elaborate solvent extraction be used.
Method. To I ml of blood or plasma add 9 ml of pure ethyl alcohol. Shake well and centrifuge. Remove an aliquot of the clear supernatant and read. Warfarin fluoresces at 385 nm when excited at 320 nm. A blank should be set up using a sample of blood known to be free from the drug.
Ethyl bis coumacetate can be determined in a similar fashion and fluoresces at about 450 nm when excited at 345 nm. However, the sensitivity is not good and this substance can be determined by ultraviolet spectrophotometry.
At high sensitivities an alcohol extract of blood will show a fluorescence peak at 340-350 nm when excited at 285 nm. This is due to the presence of tryptophan derivatives and other aromatic amino acids and should not be mistaken for drugs.
NOTE ON FILTER FLUORIMETERS
There are a number of occasions where the identity of the substance to be determined is known and where the high sensitivity of fluorescence spectrophotometry is necessary for quantitation. In such cases the spectrofluorimeter is used with the monochromators set at fixed wavelengths and under these conditions the instrument is used in a similar manner to a filter fluorimeter. Some advantage is conferred by the ability to select the precise wavelengths at narrow bandwidths but the difference in sensitivity between a good filter instrument and the more complex monochromator fluorimeter is frequently only marginal. In any event it is seldom necessary and always undesirable to work close to the sensitivity limit. Many laboratories have filter fluorimeters but could not justify the acquisition of the more sophisticated and expensive fluorescence spectrophotometer and for many quantitative assays of known substances they will prove entirely adequate.
Most of the commercial filter instruments use mercury discharge lamps as the source and the discontinuous nature of the radiation is responsible for the loss in sensitivity for it is only seldom that the fluorphore wilI have an excitation maximum which corresponds with one of the emission lines of the lamp. Some instruments obtain an approximate continuum over a restricted range by using a lamp coated with a phosphor but this practice leads to loss of energy from the line spectrum and, for a number of substances with excitation maxima close to the mercury lines, may lead to lower sensitivities. Even when the excitation and lamp emission maxima do not coincide it may be found that there is a line sufficiently close to give a good fluorescent response. This can be seen by considering the main emission lines from a high-pressure mercury discharge lamp. These occur at 225, 235, 254, 297, 313, 334, 365, 405, 436, 492, 546 , and 597 nm. By comparing these wavelengths with the excitation wavelengths of a number of drugs and related substances it will be seen that in many cases, a line sufficiently close to the optimum to give satisfactory sensitivity, is present and can be isolated with a suitable filter.
LSD, for example, is almost maximalIy excited at the radiation peak of the 334 nm line and some of the phenothiazines also have suitable excitation characteristics with maxima close to one of the mercury lines. By changing the lamp from the usual high or medium pressure mercury filled lamp to one containing a mixed filIing, either mercury-zinc or mercury-zinc-cadmium, more lines appear in the lamp spectrum from the other metals and so the chance of finding a line in close proximity to the optimum for the compound is increased.
Many substances fluoresce in the near ultra-violet, and where the excitation peak is above about 350 nm a tungsten halogen filament lamp can be used as source. With such a continuum source it may be found necessary to use interference filters in some cases if light of a fairly narrow bandwidth must be used.
A number of filter fluorimeters are available and have been described by Braunsberg and Brown (1970) . Those instruments which use high intensity sources, either as standard equipment or as an optional attachment, are likely to be more suitable for this kind of analysis. The Aminco Fluoromicrophotometer Model 4-7102, E.LL. 27C, and the Locarte instruments all have high sensitivities and use high intensity sources. Other instruments may also work satisfactorily in some applications even with low powered lamps and their suitability can only be found by experiment.
GENERAL OBSERVATIONS
Like most of the specialised instrumental techniques this must be used with discretion. It is not a universal procedure which is applicable to any difficult analytical situation. There are many substances which are more amenable to other methods of analysis and before using new methods it is as well to compare the relative sensitivities of other means of analysis. It is not unusual to find that the sensitivity of a fluorimetric method is closely approached, and sometimes surpassed, by spectrophotometry, thin-layer or gas chromatography. Although it is usual for authors to indicate why fluorescence analysis has been chosen in preference to other methods this is not always the case. It is wise then to critically compare methods, for if there is nothing to be gained from an increase in sensitivity it may be found that there is little to commend a complex method when a less demanding one will suffice. This applies to fluorescence analysis in general whether a filter instrument or a spectrofluorimeter is used, since the difficulties arising from background interference, quenching etc., are common to both, but can be more readily detected and minimised by the use of a dual monochromator instrument. When, however, the material to be determined is strongly fluorescent or can be converted to a fluorescent derivative and is present in the sample in microgram or sub-microgram amounts this very versatile technique, despite its technical demands, is one of the most useful procedures available to the analyst. The combination of very high sensitivity with the information from the wavelengths of excitation and emission can often lead to the solution of problems in analytical toxicology which are not amenable to other methods.
